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Abstract
Background
Type 2 diabetes is impacting millions of people globally; however, many future cases can be
prevented through lifestyle changes and interventions. Primary care is an important setting
for diabetes prevention, for at-risk populations, because it is a patient’s primary point of con-
tact with the health care system and professionals can provide lifestyle counselling and sup-
port, as well as monitoring health outcomes. These are all essential elements for diabetes
prevention for at-risk adults.
Aim
To understand the factors related to the delivery and uptake of type 2 diabetes prevention
interventions within primary care in higher income countries.
Methods
For this narrative systematic review, we combined qualitative and quantitative studies of dia-
betes prevention within a primary care setting for patients at-risk of developing the condition.
We used an iterative approach for evidence collection, which included using several data-
bases (MEDLINE, Embase, Pysch info, BNI, SSCI, CINAHL, ASSIA), where we combined
diabetes terms with primary care terms. Narrative and thematic synthesis were utilised to
identify the prominent themes emerging from the data.
Results
A database of 6646 records was screened by the research team, and 18 papers were
included. Three major themes were identified in this review. The first theme of context and
setting of diabetes progression includes the risk and progression of diabetes, primary care
as a setting, and where the responsibility for change is thought to lie. This review also found
mixed views on the value of preventative services within primary care. The second theme
focused on the various patient factors associated with diabetes prevention such as a
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patient’s motivation to modify their current lifestyle, perceptions and knowledge (or lack
thereof) of the impacts of diabetes, lack of follow-up in healthcare settings, and trust in
healthcare professionals. The third theme was centred on professional factors impacting on
diabetes prevention which included workload, time constraints, resources, self-efficacy and
knowledge as well as professionals’ perception of patient motivations towards change.
Conclusion
This review explored the factors influencing diabetes prevention in primary care, and identi-
fied the context of prevention, as well as patient and professional factors related to preventa-
tive services being offered in primary care. This systematic review complements previous
reviews of real-world settings by exploring the significant factors in prevention, and the find-
ings are relevant to academics, policymakers, patients and practitioners interested in under-
standing the factors associated with the delivery and uptake of diabetes prevention
interventions.
Introduction
Type 2 diabetes, a chronic medical condition that is increasing globally at alarming rates, is
recognised as a serious international health concern [1–6]. The global prevalence of diabetes in
2013 was estimated at 382 million adults with numbers expected to escalate to 592 million peo-
ple by 2035 [7]. Diabetes is currently the fifth leading cause of mortality internationally [8].
Diabetes is linked to various risk factors such as obesity, sedentary lifestyles, poor dietary
intake, family history of the condition, as well as socio-economic status, and ethnicity [9–11].
Research has suggested that nearly 80% of type 2 diabetes cases can be avoided through lifestyle
modifications such as diet, exercise, weight management and healthy lifestyles [12–13]. Diabe-
tes prevention interventions have been successful in reducing the risk of progression to type 2
diabetes in patients with impaired glucose tolerance [14–18]. Impaired glucose tolerance is
also known as pre-diabetes, and acting quickly is essential, as a delay in diagnosis can cause
damage to the body even with mild symptoms [19–21]. A recent systematic review has shown
that modest lifestyle changes can reduce diabetes incidence by over 50% in at-risk individuals,
and for all diabetes prevention programs compared with regular care, the pooled incidence
rate was 26% lower (95% CI 7–42%) [14].
Primary care can be a valuable setting for preventing diabetes in at-risk populations as
patients can be offered support for prevention [22–23], such as screening and lifestyle advice,
by primary care health professionals such as GPs, practice nurses or health care assistants.
Effective prevention programs have focused on using behavioural theories to encourage physi-
cal activity and improve dietary intake, such as components of tailoring, counselling, goal-
setting, providing on-going feedback, and monitoring of at-risk participants [15, 24–25]. How-
ever, an outstanding challenge is translating the success of these trials into real world clinical
settings such as primary care where resources, time, and other constraints exist [26]. Little is
known about how health practitioners discuss lifestyle modifications with patients in primary
care. Previous reviews have not focused exclusively on primary care [27–28], and those that
have a primary care emphasis have focused on effectiveness of interventions [14].
Thus, there is a need for research to understand how lifestyle risk factors are addressed
within primary care [29]. Therefore, this review will address the following research question:
Diabetes prevention in primary care
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‘what are the factors related to the delivery and uptake of type 2 diabetes prevention interven-
tions within primary care?’ Further, it aims to explore how patients and health professionals
discuss and conceptualise diabetes prevention within a primary care setting in higher income
countries.
Methodology
Search strategy and study selection
This narrative systematic review took an iterative approach, which allowed for revisions to the
inclusion and exclusion criteria (Table 1), search strategy (S1 File), as well as the core research
questions after consideration of the evidence [30]. This approach was adopted as there was
limited evidence for the factors affecting diabetes prevention within primary care settings. An
information specialist and disciplinary experts were consulted in the formulation of the search
strategy and research questions for this project. MEDLINE (Ovid), Embase (Ovid), British
Nursing Index (ProQuest), Applied Social Science Index and Abstracts (ASSAI) (ProQuest),
Social Science Citation Index (Web of Science), PYSCH INFO (Ovid), and CINAHL (EBSCO)
were searched up to January 2015. To create a comprehensive search strategy, the ‘building
blocks’ approach, a common strategy in reviews, was utilised and search terms were divided
into concepts and expanded with synonyms linked with Boolean operators [31]. In addition,
the ‘Berry Picking’ approach, often used in iterative searching, allowed for the search strategy
to evolve with information generated from the review process [32,33]. As new evidence was
revealed through the search process, the review approach allowed for the strategy to change in
light of new evidence. Also, the ‘drop a concept’ searching technique allowed for stacking of
terms approach to be used by firstly combining all term/concepts of the review then removing
the least relevant concepts to cast a wider search net [31]. In the end, diabetes terms (i.e. type 2
diabetes, pre-diabetes etc.), primary care terms (i.e. primary care or primary health care or pri-
mary medical care etc.), and interventions terms (i.e. prevention, diabetes prevention, lifestyle
advice etc.) were combined within the databases (see S1 File for sample).
Table 1. Inclusion and exclusion criteria.
Inclusion criteria Exclusion Criteria
Populations
• At-risk of developing type 2 diabetes through family
history, obesity, lifestyle factors
• Primary care staff (clinicians, nurses, and support
staff)
• Non-primary care providers
• Low-risk patients, those who already have type 2
diabetes or gestational diabetes
Reported Findings & interventions
• Views and experiences of diabetes prevention
within primary care among patients and providers
• Interventions that focused on primary care staff
helping patients prevent diabetes (lifestyle
interventions)
• Diabetes prevention strategies outside primary
care settings such as hospitals or community
centres
• Interventions other than lifestyle advice (such as
pharmacological interventions)
Study Design
• Published qualitative, mixed methods, or
quantitative studies
• Websites, blogs, anecdotal evidence
Countries, dates, language
• Developed countries part of the Organisation for
Economic Co-operation and Development (OECD)
• 1990 onward
• Studies reported in English
• Countries outside of the OECD
https://doi.org/10.1371/journal.pone.0177699.t001
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Databases may be poorly indexed or traditional searches may result in not casting a wide
enough net on the evidence [34], so in addition to the core database searching, we searched
reference lists and used citation searching of included papers, as well as key author searches
(completed April 2015). One of the primary exclusion criteria was the rejection of papers
about contexts outside of primary care (such as hospitals or community centres). Papers
including those who already have type 2 or gestational diabetes and those of low-risk were
excluded from this review. The rationale for this stems from the focus of this review on diabe-
tes prevention in primary care settings where a gap in the literature exists.
Data extraction and quality assessment
Records were stored in a Reference Manager database and were screened at the title and
abstract level by the lead reviewer (JM), and were verified by members of the research team
(CS, SC, RM) for rigour and completion. The verification process for this review included sec-
ondary blind screening of 30% of the original database of 6646 records, double checking of all
included and excluded papers against the inclusion criteria, and regular meetings to discuss
the review process with CS, SC, and RM. A piloted data extraction tool used in similar reviews
was chosen to extract study details, participant characteristics, study findings, and quality [35].
All data extraction sheets were completed by the lead reviewer (JM) and were checked for
completion and accuracy by another member of the team (CS, SC, RM). Study quality was
assessed by the lead reviewer (JM) and verified by authors (CS, SC, RM). We used a modified
Critical Appraisal Skills Program (CASP) checklist that was adapted to suit both qualitative
and quantitative studies. We examined elements of methodological appropriateness, data col-
lection, and analysis, as well as the clarity and validity of findings which we used to assess the
strengths and weaknesses of each study rather than as criteria for review inclusion or exclusion
[36]. By assessing the studies on these elements, we were able to identify study strengths and
potential biases or weaknesses.
Data analysis
Traditional systematic reviews often focus on measures of effectiveness, provide good quality
evidence-based data to answer specific questions about intervention success but often fail to
provide contextual evidence [37, 38]. Thus, this narrative systematic review aimed to systemat-
ically summarise relevant quantitative and qualitative literature on patient and practitioner
views and experiences of primary care diabetes prevention for patients at-risk of type 2 diabe-
tes. Data analysis was guided by narrative synthesis and thematic analysis which identified the
prominent themes emerging from the evidence [38, 39]. This method explored a much wider
evidence base including investigation of views data from both qualitative and quantitative sur-
veys [37], which allowed for the grouping of common theme categories to capture experiences,
views, and social contexts of diabetes prevention in primary care within the included studies
[38–40]. Once data extraction tables were completed, the lead reviewer (JM), used qualitative
software (Nvivo) to organise the data from all included studies into categories which were then
discussed with the review team (CS, SC, RM) to agree a coding frame which formed the three
larger themes for this review (see Fig 1). Sub-themes emerged as they fit within the larger
themes but were not deemed to be significant enough to be considered as a main theme. All
major themes and sub-themes were verified by members of the review team with any discrep-
ancies discussed until consensus was reached. It should also be noted that when creating
themes, we took into consideration multiple papers from the same study so they did not bias
the formation of a major theme but were still accounted for in the review.
Diabetes prevention in primary care
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Results
Identification of studies
The database search resulted in a total of 6646 records (after duplicates were removed) from
several databases. In keeping with the iterative search approach, additional papers were
screened after undertaking citation searches, reference list searches, and key author searches.
Full text papers were judged against the inclusion and exclusion criteria (Table 1), and a total
of 18 papers from 15 studies were included in this review [41–58] (Fig 2). Qualitative software
(Nvivo) was used by the lead reviewer (JM) to organise the extracted data from each paper into
larger themes and then sub-themes which were verified by the research team.
Summary of included studies and quality
All studies included in this review had a primary care focus and were conducted in the UK
(n = 6), the Netherlands (n = 3), Finland (n = 1), USA (n = 2), Australia (n = 2), Canada
(n = 1). The studies were set within a primary care setting and were mainly qualitative; how-
ever, some studies utilised mixed methods (n = 3 studies from 4 papers) [41–43, 52] and quan-
titative approaches (n = 2 studies from 3 papers) [44, 45, 51]. Further details on sample size
and included participant characteristics are represented in (S2 File). Papers included in this
review expressed the views of primary care health professionals, such as General Practitioners
(GPs) or nurses, (n = 5), patient views (n = 3), and many of the papers combined professional
and patient views (n = 10).
Study quality
Many included studies were clear in their objectives and selected methods that were appropri-
ate to address this study’s aims. Details of study quality can be found in (S2 File). Most studies
Fig 1. Thematic map for narrative review of diabetes prevention in primary care.
https://doi.org/10.1371/journal.pone.0177699.g001
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Fig 2. Paper selection process.
https://doi.org/10.1371/journal.pone.0177699.g002
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recruited a self-selected sample, so their results were affected by selection bias and information
bias. This may impact on internal validity, possibly impacting on the quality of quantitative
studies, though to a lesser extent for qualitative studies. Also, for some observational studies,
small sample sizes and methodology limited the transferability and generalisability of findings.
For qualitative studies, sample sizes and generalizability were not as important as these studies
provided rationale for study sampling and approach to data analysis. A few studies, however,
were not as clear in the reporting of their findings. Socio-demographic data mainly reported
on gender and age. Income, ethnicity, and education were poorly reported in most studies so
understanding the context behind study findings was difficult. More complete socio-demo-
graphic reporting in studies would have enabled a better exploration of contextual factors of
diabetes prevention such as the role of age, gender, income or ethnicity on diabetes prevention.
We aimed to include studies that examined views of diabetes prevention in primary care. This
meant acknowledging the above-noted pitfalls in the quality of included studies in this review
as they are common in observational and qualitative studies, and more likely to be impacted
by bias.
Thematic analysis
This narrative systematic review identified three overarching themes: (1) context and setting
for diabetes prevention (2) patient factors affecting diabetes prevention (3) professional factors
affecting diabetes prevention. From these major themes sub-themes emerged to form a narra-
tive of patient and provider experiences of diabetes prevention within a primary care context
(Fig 1). This review features themes that emerged from the data and utilises quotes and statis-
tics from included studies for illustrative purposes.
Main themes
1. The context and setting for diabetes prevention
Diabetes risk and progression. A major theme identified in eight of the studies was the
context of diabetes risk and progression [38, 46–50, 53]. In a survey study, all GPs were aware
of pre-diabetes as a condition, however, 47% were unaware of the risks of pre-diabetes pro-
gressing to diabetes [43]. Health professionals and patients valued prevention and understood
that Type 2 diabetes was a real condition with potentially severe complications if not carefully
managed:
“If I make no changes, if I decide to make no changes, I will become a diabetic, I will have
heart disease.” (Patient, [46], p.773)
Diabetes risks were linked to family history, obesity, and lifestyle factors such as diet and
physical activity [46–50]. Patients based their diabetes risk on whether they personally believed
they were at higher/lower risk of developing the condition, and often cited heredity as a reason
for increased risk, and lifestyle and lack of family history for lower perceptions of risk [49],
although a theme of uncertainty was evident due the complex risk factors [49,50]:
“I don’t know what they found to make them think I am at risk in the future. . . what would
make them believe that I will develop diabetes. I don’t know why?” (Patient, [50], p.90).
Furthermore, a study within a Bangladeshi community found some participants believed
genetics, stress, and social isolation were linked to diabetes progression, while some believed
diabetes was widespread and common in the community and not a worry [47,48].
Diabetes prevention in primary care
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Health professionals explained the risks of developing diabetes and how it can be prevented:
“She [health professional] explained. . . if you are careful and all things like that you can stop it
from being diabetic which is. . .nice to know . . .” (Patient, [46], p.773)
Primary care as a setting for diabetes prevention. A mixed commentary on primary
care as a setting for diabetes prevention activities was featured in eight papers [42, 44, 45, 51–
54]. Evidence suggested primary care was a familiar place for most patients [37, 40], primary
care should tackle prevention [46, 54], and preventative services could fit into current practices
[52]; although prevention was lacking in the health service [47, 51]. However, there was some
evidence pointing to resistance of making primary care into a specialist service as it was seen
as expensive, time consuming, and outside of the remit of a generalist service such as primary
care [51]. Some professionals were unconvinced about the evidence supporting the effective-
ness of diabetes prevention in primary care outside intensive trials [43, 51], and one survey
found that 23% health professionals believed the chances of success in lifestyle interventions
was low [45]:
“The evidence for actually preventing these people going on to develop diabetes involves very
intensive, expensive lifestyle intervention regimes, so the evidence that the little bit that we do
is actually making an impact probably is not there.” (GP, [51], p.533)
In addition, two studies found professionals believed screening and treating pre-diabetes
was essentially ‘medicalising’ something that is seen by them as more of a social problem [43, 51]:
“These people [those with impaired glucose tolerance and impaired fasting glycaemia] are not
ill. Should we make them ill?” (GP, [51], p.534)
Responsibility for change. Responsibility for change was a noted theme in five studies
[44–46, 49, 51] from four European countries, with one from Australia, where diabetes preven-
tion is part of routine services in primary care. As part of their role, GPs and nurses can act as
supporters for lifestyle change [45] by taking on the role of facilitators and advisors to
empower patients to improve their health [46]; however, the onus of change rests with the
individual [49,51]. For example, in one study the “majority of physicians (88%) and nurses
(95%) agreed that patients themselves must accept the responsibility for lifestyle-related deci-
sions” [44] (p.264). It was noted that these changes to lifestyle can be difficult but support from
professionals can help:
‘I think they have an enormous responsibility to actually bear on their patients to [start] living
in a healthy manner.’ (Patient, [49], p.330)
This theme also links to evidence presented later in this paper on professional factors affect-
ing diabetes prevention such as workload, contexts and professional support for prevention.
2. Patient factors affecting diabetes prevention
Current lifestyle impacting on diabetes prevention. Various papers made reference to
how current lifestyles acted as a barrier to change [42, 45, 47, 49, 54, 55]. For example, a Dutch
study found the temptation to snack was a challenge for participants, though some participants
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 8 / 20
reported little difficulties in sticking to dietary protocols [55]. The same study also found
patients believed their current way of life was sufficient for preventing diabetes with many
patients stating they met standards for diet and physical activity, and 26% stating they were sat-
isfied with their health behaviour [55].
Many reasons were given to explain why lifestyle changes were not sustained. For example,
being pushed for time [42, 47] made it difficult to sustain lifestyle changes such as physical
activity and preparing healthy meals were reported [49]. In one feasibility study of a lifestyle
program in primary care reported patients viewed maintaining a healthy diet as ‘expensive and
time consuming’ [42]. Furthermore, another study reported issues of prevention programs not
being offered at suitable times around working hours:
“. . . if these people are working they can’t [attend programs] unless it’s delivered in the hours
that are suitable. . . you’re talking about you know targeting people in their 30s, 40s, 50s and
they’re still working.” (GP, [54], p. E)
Costs associated with healthy lifestyles were also seen as a barrier especially if attending pro-
grams that were not free of charge [54]. In addition, making lifestyle changes could include
incurring additional costs such a gym memberships, purchasing healthier options, or paying
to attend programs:
“Cost probably was ‘cause I used to go to a gym and I was working and it was getting expensive
as well and I wasn’t getting there very often, so yeah I stopped going.” (Patient, [49], p.330)
Other constraints on lifestyle change included: reliance on unhealthy convenience foods
financial constraints, childcare issues, safety outside locality, and language barriers within
health care and in the community [47]. In addition, stress, financial factors, difficulties with
maintaining dietary restrictions, weather, and disability and pain were noted as barriers for
engaging in changes [42].
Lack of knowledge. Three studies reported on lack of knowledge as impacting on diabetes
prevention in primary care [44,46,49]. A study which aimed to develop a diabetes prevention
pilot program found both patients and practitioners lacked knowledge on pre-diabetes [46].
Patients could benefit from written information to help them understand pre-diabetes risks
and causes [46]. In another study, respondents who were diagnosed with pre-diabetes were
provided with written information. However, most participants in this study thought it was
too vague and unhelpful [50]. There was often a ‘grey area’ for pre-diabetes’:
“I am borderline diabetic, I’m in that grey area, not quite diabetic but I could be” (Patient,
[50], p90)
Also, a lack of knowledge of diabetes made it difficult for participants to understand the
condition, the symptoms, how it affects patients, and how to prevent it from developing [50].
Most patients were keen to prevent diabetes but struggled to understand how to take preventa-
tive action [50]:
“I want to prevent it if I can, and I don’t know how. I am up in the air and hoping” (Patient,
[50], p.91)
The evidence above points to the importance of knowledge about diabetes in its prevention.
In a survey study seeking professional views on prevention, the majority of health professionals
Diabetes prevention in primary care
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felt information provision was part of their role in supporting patients [44]. In this study, the
GPs and nurses felt insufficient patient knowledge was rarely mentioned by patients as a bar-
rier for making changes [44].
Lack of follow up. Four studies reported lack of follow up in primary care diabetes pre-
vention [42,46,49,54].
“You’ve got me so far down the path and left me, and I have a number of paths to choose now.
I don’t know which one to choose and I might just walk back. It is not satisfactory to screen
people and not follow them” (Patient, [50], p.91)
Health professional respondents who offered a preventative diabetes intervention believed
continuity of care was crucial and their patients would not sustain changes without long-term
follow up [54]. This view was also held by patients suggesting it would be difficult to maintain
change without on-going professional follow up [42]. Patients in one study indicated they
would have valued a visit with a professional after diagnosis, and all patients wanted repeat
pre-diabetes tests as a means of monitoring and feedback [50]. Lack of follow up was an issue
for patients and providers in a pilot study suggesting regular follow up and a pre-diabetes reg-
isters could be a way to address the issue [46].
Motivation through program involvement. Six studies examined patient motivators for
change in the areas of involvement in programs and how these programs changed their per-
spectives on health [41, 42, 46, 49, 54, 58]. Some patients were motivated to make changes by
simply taking part in a group program: “I need a group to get me going” [41] (p.15), formal
meetings and completing programs were motivators for some [42], as well as on-going follow-
up and behavioural monitoring [42, 54]. Taking part in a program could also be an opportu-
nity to learn more about diabetes risk factors such as diet and exercise [41].
“I found that people who are ready to change took the info and did the interventions [and]
were motivated. Others did not, but most made some small change, which is positive, anything
is better than nothing” (Nurse, [54], p. E)
The atmosphere and context in which the advice was provided was also important in one
study with an informal and relaxed atmosphere was seen as a positive feature [41]. Respon-
dents from a feasibility study valued realistic goal-setting and having a peer group support
[54]. Providing advice that mirrored a patient’s concerns, provided relevant goals, and used
concrete examples could also help build motivation towards change: “You just try to hook onto
something that is important to them” (Professional, [58], p.462). In a pilot program, patients
made use of study materials, and most participants were able understand diabetes and how to
take actions forward to prevent diabetes, suggesting the value of tailored relevant programs to
patients [46].
Trusting the professionals. Five studies examined how trust and confidence in health
professionals impacted on diabetes prevention efforts [42, 46–50]. Some patients relied on
their professional to help them gauge the seriousness of the problem in two studies [46,50],
and a consultation with a professional and scheduled follow-ups were interpreted by a patient
to be a marker of a serious issue. A familiar face in primary care had a positive impact on pre-
vention [42], and provider attributes such as professionalism, honesty, and trust helped
patients make informed decisions about their health:
‘But I tend to follow, the advice of the doctor it is for a good reason and it’s, and I would be stu-
pid if I didn’t take the advice of the doctor.’ (Patient, [49], p.330).
Diabetes prevention in primary care
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3. Professional factors affecting diabetes prevention
Workload, time, and resources. The most noted factor related to diabetes prevention in pri-
mary care was workload and resources which was expressed in eleven papers [43–46, 51–54, 56–
58]. Papers reported professional worries of being swamped and unable to manage the additional
workload [43, 46, 51, 56], lack of time [44, 45, 54, 56–58], disturbed workflow [57], resources
already being stretched [43, 51], and financial and organisational concerns [43, 45, 51, 53, 54, 57]:
“. . . if we do find diabetics then we’re going to have to manage them, so I think what would be
the implication is time and that could well be a barrier”. (Nurse, [56], p.157).
Another important factor in diabetes prevention was competing health priorities and deal-
ing with pre-diabetes alongside other health conditions [43, 54]. This issue of managing health
priorities in a consultation with a patient was noted as an obstacle for identifying and address-
ing pre-diabetes in primary care:
“Fine, yes, in theory [we could screen for impaired glucose tolerance], but we haven't only even
got diabetes to look after. . . but you've got so many things to look after and outside issues as
well, so where does it stop?” (GP, [43], p.4)
While the papers examined in this review featured workload and resources as a barrier to
diabetes prevention service in primary care, screening, diagnosing, and following up with
patients was also seen an essential part to diabetes services in one paper [46]. For example, GPs
and nurses felt providing diabetes prevention was part of their role in primary care [44], and
prevention services were already part of professional’s workload [52, 54], as it was easy to
incorporate prevention as part of health checks and routine care [51,54].
“You should be seeing them anyhow early because they are hypertensive or become hyperten-
sive and that is how they get picked up as being impaired glucose tolerance, so they are already
a population that we are probably seeing” (GP, [51], p.533)
The evidence presented in the above paragraph was from mainly European countries and
Australia, where diabetes prevention within primary care is driven by a policy mandate that
may have had a knock-on effect on practice staff’s attitude towards their role in preventing dia-
betes in their patients.
Training and practice support for diabetes prevention was noted as helpful in providing a
more informed and systematic approach [54], and viewed by nurses to be valuable [45],
although some nurses got better at delivering the program over time and were successful with
little training [57]. In a survey study examining professional motivation, 73% stated they felt
supported by practice staff [52], and practices nurses were vital in the sustainability of diabetes
prevention efforts [54].
Perception of patient motivation impacting on professionals’ advice giving. Professionals’
perception of patients’ motivation to change was noted as a factor impacting on diabetes pre-
vention in primary care in eight studies [42–45, 47, 48, 51, 58]. A health professional could be
deterred from providing lifestyle advice to those perceived to be unwilling patients [44], older
patients who were perceived as unlikely to make changes [56], or asymptomatic patients [43, 51]:
“. . . we have diabetics who. . . who just totally ignore the advice you give them, and I think
going further back than that and giving them advice when they haven't got diabetes as such is
going to be very difficult” (Professional, [43], p.4)
Diabetes prevention in primary care
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A study within the Bangladesh community found health professionals had a poor cultural
understanding of Bangladeshi patients and perceived them as reluctant to engage with lifestyle
change [47, 48]. However, professionals would like more training in cultural awareness. Fur-
ther, an implementation study found nurses struggled with motivational interviewing as it was
difficult to motivate patients to change; however, nurses felt prepared and effective when deliv-
ering the program in an informal and unstructured manner [42, 57].
Self-efficacy and knowledge. Another factor relating to diabetes prevention was profes-
sional knowledge and self-efficacy which was reported in five papers [44–46, 52, 58]. A lack of
knowledge about pre-diabetes was noted in one qualitative study [46], and also a lack of spe-
cialist dietary knowledge was mentioned by professionals as a barrier for guiding discussions
on behaviour change [45]. In one study while health professionals believed that providing life-
style change advice was part of their role, only slightly more than half of these respondents
believed their skills in this area were adequate [44]. Low self-efficacy in clinical abilities relating
to identifying diabetes risk was a barrier in a qualitative study: “I have very little confidence in
my ability to quantify somebody's risk” (Professional, [58], p.462). However, on the contrary, a
quantitative study found professionals were confident in their skills and advice giving [45].
Similarly, a mixed method study suggested over one third of professionals reported high self-
efficacy [52].
Discussion and conclusion
Summary of findings
This review has examined the factors relating to diabetes prevention in primary care by sys-
tematically reviewing the published literature in this area (Summarised in Table 2). We found
diabetes prevention to be impacted by a patient’s desire to modify their current lifestyle, and
perceptions and knowledge of the impacts of diabetes. Patients were also influenced by contact
Table 2. Summary of review findings and implications for practice.
Main theme Supporting sub-themes from analysis Implications for practice and research
Context and setting for
diabetes prevention
GPs and patients aware of diabetes but more knowledge
required to fully support prevention
Training of health professionals and education of patients to gain
a better understanding of how diabetes risks can be reduced
through lifestyle changeFamily history and lifestyle risk factors
Mixed views about primary care as a setting for
prevention
Further qualitative research with health professionals exploring
primary care as a setting for diabetes prevention
Role of health professional as supporters in assisting
patients with lifestyle change
Training and support offered to health professionals to enable
them to effectively support their patients in making changes. This
could include education days, brief computer prompts to discuss
lifestyle with patients, a plan for patient follow up.
Patient factors affecting
diabetes prevention
Difficulties with engaging and maintaining lifestyle change
as well as practical constraints as a barrier
Lifestyle change is a difficult process for patients, so primary care
professional can help support the patient along the way. Support
could include repeat blood tests, increased follow up, referrals to
community programs (activity or weight loss for example)
Consultation, monitoring, and follow up with a trusted
professional essential in preventative services
Primary care centres can create a diabetes prevention program
which could include plans for screening, lifestyle advice,
monitoring and feedback
Professional factors
affecting diabetes
prevention
Workload, competing interests, and resources impact on
the delivery of services, although prevention can fit into
existing workloads
Future research could explore these factors more in-depth
Primary care centres can prioritise prevention and set up systems
to encourage staff to screen, monitor, and follow up patients
Professionals can be deterred from providing preventative
services due to perceived lack of patient motivation
Personal and tailored plans can be created with the patient to
ensure realistic and achievable goals are set
Mixed views of professionals held knowledge and self-
efficacy in delivering prevention
Training and education for health professionals could increase
their knowledge and self-efficacy
https://doi.org/10.1371/journal.pone.0177699.t002
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with a trusted professional who can help motivate them towards making healthier lifestyle
changes that could ultimately lead to a reduction in diabetes risks. Difficulty in changing cur-
rent lifestyle, lack of time, costs, and personal difficulties were noted as obstacles for preven-
tion for patients. This review also points to professional factors such as workload, knowledge
of the professional, willingness to provide advice, and confidence in abilities to provide diabe-
tes prevention advice as playing a big role in preventative services.
Relationship with existing literature
Pre-diabetes, a pre-cursor for diabetes identified through blood tests, is a condition that is
asymptomatic [20]. Receiving professional help and screening for this condition may not
occur even though patients are at-risk [59]. As patients may not feel ill, they may be unlikely to
take serious actions to prevent consequences that may be less immediate [22]. However, if
patients were identified prior to developing full diabetes, nearly 80% of type 2 diabetes cases
could be avoided through lifestyle modifications [12], which represents an opportunity for pri-
mary disease prevention rather than the treatment of patients who already have the disease. A
recent systematic review examining translational real-world studies, such as healthcare or
community settings, found support that lifestyle change programs can also significantly reduce
diabetes progression [14].
In addition, findings from this review point to the importance of patient and provider
knowledge of the seriousness of diabetes and understanding of diabetes risks factors such as
weight and family history; however, our review also highlighted the lack of knowledge about
diabetes among both patients and providers. This could have implications for diabetes preven-
tion as a patient will assess their lifestyle, risk factors and genetics to determine health risks
[60], and personal conceptualisation of illness can have a great impact on how a patient will
manage their risk factors for a condition [61], with patients less accepting of their high risk sta-
tus being those less inclined to change [62]. Similarly, Heisler et al. [63] found patients have an
unmet need for information, with many patients leaving their consultations with insufficient
diabetes knowledge. Nam and colleagues [64] argued that unsatisfactory medical outcomes in
diabetes, such as glucose control, reflected a lack of patient knowledge, but also a failure of the
professional to provide appropriate interventions. To combat lack of knowledge of pre-diabe-
tes, professionals should focus on educational dialogues and personalised care plans developed
by patients and providers [65]to avoid issues of lack of uptake and maintenance of lifestyle
change [64].
Our findings also found mixed views on the primary care setting for diabetes prevention,
with some evidence in support of primary care services, and some suggesting providers are
unconvinced about preventative services in primary care [14]. However, some suggested pro-
grams offered in primary care may require more evidence [66]. A major concern for such pro-
grams would be replicating the results of successful interventions [14, 16, 67, 68] with limited
resources which is an important area of research and policy [58, 66, 69, 70]. Diabetes preven-
tion programs have a focus on lifestyle improvements which are “notoriously difficult to
achieve and sustain,” especially those involving weight loss and exercise [70] (p.7).
Another theme presented in this review was professional factors impacting on care such as
workload, resources, self-efficacy, and the role of perceived patient motivation acting as a bar-
rier or facilitator for lifestyle advice. While the patients are ultimately responsible for lifestyle
changes, physicians also carried the burden of administering advice and setting goals with
patients, but workload concerns and lack of time were considerable factors [59]. Primary care,
which is commonly the venue for diabetes services, is often under strain with professionals
under increasing pressure to address competing, multiple health care problems at any given
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health care visit [66]. Some of these challenges may result in health practitioners abandoning
health lifestyle change interventions since they may feel unprepared or worried about threaten-
ing patient rapport [71]. Prioritising diabetes in primary care could be strengthened by focus-
ing on staff training and educational initiatives to foster health professional self-efficacy as well
as streamlining preventative services to maximise efficiency to help combat workload issues.
Our review has also pointed to the importance of maintaining good, trusting and support-
ive relationships between patients and professionals so that diabetes prevention can be facili-
tated within primary care. Research suggested changing the way patients and providers
communicated with one another could have positive impacts on improving diabetes outcomes
as well as preventing the onset of diabetes in at-risk patients [58, 63, 64, 68, 72]. Patient-centred
care is known to foster trust and lead to open and relaxed relationships between patients and
providers [73]. Essential elements of effective patient and provider relationships should feature
the ideas, feelings, and values of both parties, including open-dialogues that feature both per-
spectives while solving problems and creating care plans. While the evidence is strong in sup-
port of shared decision-making, work by Heisler et al [74] reported that physician dominant
participatory decision-making was the paradigm most followed, but by following a more
patient-centred approach, a substantial improvement was found in the communication and
provision of information, something primary care diabetes programs were sometimes found
to lack, particularly in respect to follow-up [46, 50].
Our review has highlighted patient motivation and desire to change in diabetes prevention
efforts. Motivated patients tend to have skills, knowledge and confidence to facilitate healthy
decision-making [75]. Previous research points to patients being encouraged by short-term
gains rather than by the long term negative complications of diabetes [73], and patients favoured
interventions that maximised benefits with minimal disruption to daily routines [76]. Motiva-
tions can impact on actions to maintain glucose control, as patients may become discouraged
due to lack of results or progress, but same patients may genuinely be uninterested in altering
their lifestyle since they have not experienced ill health [59]. Thus, it is important that profes-
sionals seek a balance between a patient’s desire for information and the desire for involvement,
which can help reduce uncertainty [50,76]. This is important as our review has identified patient
lack of knowledge and motivation as patient perceived barriers to prevention. Lifestyle interven-
tions are often complex and can be difficult for patients to integrate into their daily lives [59, 72],
thus patients and professionals need to carefully co-construct care plans [72]. While preventative
efforts should be co-constructed, the majority of responsibilities for managing diabetes were
imposed on patients [73, 77], and this finding is consistent with the evidence in this review.
Strengths, limitations, and future research
Previous reviews have focussed on diabetes prevention programs [27, 28, 78], but have not spe-
cifically examined experiences within a primary care context. Thus, this review has provided a
clearer understanding of the factors impacting on the delivery and uptake of preventative ser-
vices to fill an evidence gap. This review has implications for how primary care practitioners
deliver diabetes prevention in routine consultations, and implications for guidance for the
delivery of preventative care in primary care. This review points to the importance of balanc-
ing workload and other competing priorities in primary care to allow health professionals to
prioritise diabetes prevention which would include screening, education, and support and fol-
low up; however, our results revealed mixed professional views of the value of primary care
diabetes efforts. Future work could focus on seeking out views and experiences of providers
and patients who do not value/offer preventative services in primary care despite compelling
evidence of effectiveness and many national guidance schemes supporting prevention in
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primary care [14]. Findings also suggested patients lack sufficient knowledge of diabetes risk,
thus initiatives to educate patients could help to promote an understanding of diabetes risk.
This review was limited by quality of evidence since all studies included a self-selected sam-
ple the findings are not easily generalisable since they may be biased towards a certain view-
point [79]. Secondly, while this review sought to explore views and experience of diabetes
prevention, we were limited by the depth and breadth of existing studies that focused on pre-
vention in primary care, with many studies lacking depth in their findings. For example, sur-
vey studies did not offer as much detail on the views and experiences of diabetes prevention as
qualitative studies. Furthermore, we lack information on the varying types of prevention initia-
tives within primary care settings. For example, this review could not adequately compare spe-
cific interventions between studies, as information was poorly reported in included studies.
There also may be policy differences between high-income country settings, especially in pri-
mary care, given that, for example, some places may have publicly-funded universal care
whereas others may not. This debate within the research regarding the role of primary care
diabetes prevention is important, since for primary care to adopt this role more research is
needed to understand what is enabling or constraining diabetes prevention in everyday prac-
tice, though some of these factors have been highlighted in this review. Finally, our review,
while systematic, only examined published literature meaning there may be useful and relevant
unpublished studies that would have been missed in a published literature searching. Future
work could explore grey literature to see if they can build on the findings from this review.
Conclusion
This review has identified various factors relevant to diabetes prevention in primary care such
as the importance of understanding diabetes risks by both providers and patients, as well as
how patient motivations not only drive change but also have an impact on professionals offer-
ing advice. Both patients and professionals are not always aware of the risks of pre-diabetes.
With patients, care must be taken that information is helpful, as it was found that some infor-
mation provided was seen by some as vague, and pre-diabetes could be seen as a ‘grey area’.
Professionals working in primary care are faced with a heavy workload and resource issues,
though primary care is seen as a setting where diabetes prevention should and could fit. Sys-
tems to encourage staff to screen and monitor patients with a strong emphasis on follow-up
could allay both the lack of follow-up observed and the workload/resources issue. While some
professionals were unconvinced with respect to the effectiveness of preventative care in the pri-
mary care setting, again, a more effective provision of knowledge could mitigate this issue. The
motivation and current lifestyle of patients are barriers to change and often impact the sustain-
ability of lifestyle changes. Also, ensuring that patients have a voice in lifestyle changes may aid
in tailoring plans with realistic, sustainable, and achievable goals, as well as helping with moti-
vation. Further research is particularly needed on the setting of prevention, and the optimal
provision of knowledge to both patients and professionals. This review adds to existing litera-
ture on diabetes prevention in primary care by systematically identifying the factors related to
offering diabetes prevention services in primary care settings.
Supporting information
S1 PRISMA Checklist. PLOS ONE PRISMA checklist.
(DOC)
S1 File. Sample MEDLINEsearch strategy.
(PDF)
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 15 / 20
S2 File. Extraction tables.
(PDF)
Author Contributions
Conceptualization: JM.
Formal analysis: JM CS SC RM.
Funding acquisition: JM.
Methodology: JM CS SC RM.
Visualization: JM EE.
Writing – original draft: JM.
Writing – review & editing: JM CS SC RM EE.
References
1. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, Ilanne-Parikka P, et al. Prevention of
Type 2 Diabetes Mellitus by Changes in Lifestyle among Subjects with Impaired Glucose Tolerance. N
Engl J Med 2001; 344:1343–1350. https://doi.org/10.1056/NEJM200105033441801 PMID: 11333990
2. Huang MF, Courtney M, Edwards H, McDowell J. Factors that affect health outcomes in adults with
type 2 diabetes: a cross-sectional study. Int J Nurs Stud. 2010; 47(5): 542–9. https://doi.org/10.1016/j.
ijnurstu.2009.10.012 PMID: 19932477
3. Lam DW, LeRoith D. The worldwide diabetes epidemic. Curr Opin Endocrinol Diabetes Obes. 2012 Apr
1; 19(2):93–6. https://doi.org/10.1097/MED.0b013e328350583a PMID: 22262000
4. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the prevalence of dia-
betes for 2011 and 2030. Diab Res Clin Pract. 2011 Dec 31; 94(3):311–21.
5. Hu FB. Globalization of Diabetes The role of diet, lifestyle, and genes. Diabetes Care. 2011 Jun 1; 34
(6):1249–57. https://doi.org/10.2337/dc11-0442 PMID: 21617109
6. Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes mellitus—present
and future perspectives. Nat Rev Endocrinol. 2012 Apr 1; 8(4):228–36.
7. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global estimates of diabe-
tes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pr. 2014; 103(2) 137–149.
8. Roglic G, Unwin N, Bennett PH, Mathers C, Tuomilehto J, Nag S, et al. The Burden of Mortality Attribut-
able to Diabetes: Realistic estimates for the year 2000. Diabetes Care. 2005 Sep 1; 28(9):2130–5.
PMID: 16123478
9. Taba´k AG, Herder C, Rathmann W, Brunner EJ, Kivima¨ki M. Prediabetes: a high-risk state for diabetes
development. Lancet. 2012 Jun 22; 379(9833):2279–90. https://doi.org/10.1016/S0140-6736(12)
60283-9 PMID: 22683128
10. Hussain A, Claussen B, Ramachandran A, Williams R. Prevention of type 2 diabetes: a review. Diabe-
tes Res Clin Pr. 2007; 76(3): 317–26.
11. Weber MB, Oza-Frank R, Staimez LR, Ali MK, Narayan KMV. Type 2 diabetes in Asians: prevalence,
risk factors, and effectiveness of behavioral intervention at individual and population levels. Annu Rev
Nutr. 2012; 32: 417–39. https://doi.org/10.1146/annurev-nutr-071811-150630 PMID: 22524185
12. Kanavos P, Van Den Aardweg S. Diabetes expenditure, burden of disease and management in 5 EU
countries. [monograph on the internet]. London: London School of Economics; January 2012 [cited
2016 Feb 03]. Available from: http://goo.gl/lvw9Av
13. Bryant T, Leaver C, Dunn J.Unmet healthcare need, gender, and health inequalities in Canada. Health
Policy. 2009; 91(1): 24–32. https://doi.org/10.1016/j.healthpol.2008.11.002 PMID: 19070930
14. Ashra NB, Spong R, Carter P, Davies MJ, Dunkley A, Gillies C. A systematic review and meta- analysis
assessing the effectiveness of pragmatic lifestyle interventions for the prevention of type 2 diabetes
mellitus in routine practice. London: Public Health England; 2015.
15. Li G, Zhang P, Wang J, Gregg EW, Yang W, Gong Q, et al. The long-term effect of lifestyle interventions
to prevent diabetes in the China Da Qing Diabetes Prevention Study: a 20-year follow-up study. Lancet.
2008 May 30; 371(9626):1783–9. https://doi.org/10.1016/S0140-6736(08)60766-7 PMID: 18502303
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 16 / 20
16. Lindstrom J, Peltonen M, Eriksson JG, Ilanne-Parikka P, Aunola S, Keinanen-Kiukaanniemi S, et al.
Improved lifestyle and decreased diabetes risk over 13 years: long-term follow-up of the randomised
Finnish Diabetes Prevention Study (DPS). Diabetologia. 2013; 56: 284–293. https://doi.org/10.1007/
s00125-012-2752-5 PMID: 23093136
17. Knowler WC, Fowler SE, Hamman RF, Christophi CA, Hoffman HJ, Brenneman AT, et al. 10-year fol-
low-up of diabetes incidence and weight loss in the Diabetes Prevention Program Outcomes Study.
Lancet. 2009; 374(9702): 1677–86. https://doi.org/10.1016/S0140-6736(09)61457-4 PMID: 19878986
18. Yates T, Davies M, Khunti K. Preventing type 2 diabetes: can we make the evidence work? Postgrad
Med J. 2009; 85: 475–480. https://doi.org/10.1136/pgmj.2008.076166 PMID: 19734515
19. Diabetes UK. Diabetes and the disadvantaged: reducing health inequalities in the UK. All Party Parlia-
mentary Group; 2006.
20. NHS Choices. Diabetes Symptoms. 2012. Available from: http://www.nhs.uk/Conditions/Diabetes-
type2/Pages/Symptoms.aspx
21. Diabetes UK. Cost of diabetes. 2012. Available from: http://www.diabetes.co.uk/cost-of-diabetes.html
22. Lin JJ, Mann DM. Application of persuasion and health behaviour theories for behaviour change coun-
selling: design of the ADAPT (Avoiding Diabetes Thru Action Plan Targeting) program. Patient Educ
Couns. 2012; 88(3): 460–6. https://doi.org/10.1016/j.pec.2012.06.017 PMID: 22770813
23. Narayan KMV, Imperatore G, Benjamin SM, Engelgau MM. Targeting people with pre-diabetes: Life-
style interventions should also be aimed at people with pre-diabetes. BMJ. 2002; 325(7361):403–404.
PMID: 12193342
24. Colagiuri S, Vita P, Cardona-Morrell M, Singh MF, Farrell L, Milat A, et al. The Sydney Diabetes Preven-
tion Program: a community-based translational study. BMC Public Health. 2010; 10: 328. https://doi.
org/10.1186/1471-2458-10-328 PMID: 20534170
25. Lindstro¨m J, Ilanne-Parikka P, Peltonen M, Aunola S, Eriksson JG, Hemio¨ K, et al. Sustained reduction
in the incidence of type 2 diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention
Study. Lancet. 2006 Nov 17; 368(9548):1673–9. https://doi.org/10.1016/S0140-6736(06)69701-8
PMID: 17098085
26. Saaristo T, Moilanen L, Korpi-Hyo¨va¨lti E, Vanhala M, Saltevo J, Niskanen L, et al. Lifestyle intervention
for prevention of type 2 diabetes in primary health care one-year follow-up of the Finnish National Diabe-
tes Prevention Program (FIN-D2D). Diabetes Care. 2010; 33(10), 2146–2151. https://doi.org/10.2337/
dc10-0410 PMID: 20664020
27. Everson-Hock ES, Johnson M, Jones R, Woods HB, Goyder E, Payne N, et al. Community-based die-
tary and physical activity interventions in low socioeconomic groups in the UK: A mixed methods sys-
tematic review. Prev Med. 2013; 56(5), 265–72. https://doi.org/10.1016/j.ypmed.2013.02.023 PMID:
23454537
28. Johnson M, Everson-Hock E, Jones R, Woods HB, Payne N, Goyder E. What are the barriers to primary
prevention of type 2 diabetes in minority ethnic groups? Diabetes Res Clin Pract. 2011; 93: 150–158.
https://doi.org/10.1016/j.diabres.2011.06.004 PMID: 21752486
29. Whittemore R, Melkus G, Wagner J, Dziura J, Northrup V, Grey M. Translating the Diabetes Prevention
Program to Primary Care: A Pilot Study. Nurs Res. 2009; 58(1): 2–12. https://doi.org/10.1097/NNR.
0b013e31818fcef3 PMID: 19092550
30. Gough D, Thomas J, Oliver S. Clarifying differences between review designs and methods. Syst Rev.
2012 Jun 9; 1(1):28.
31. Booth A. Unpacking your literature search toolbox: on search styles and tactics. Health Information &
Libraries Journal. 2008 Dec 1; 25(4):313–7.
32. Bates MJ. The design of browsing and berry-picking techniques for the online search interface. Online
Review 1989; 13: 407–23.
33. Barroso J, Gollop CJ, Sandelowski M, Meynell J, Pearce PF, Collins LJ. The challenges of searching
for and retrieving qualitative studies. Western journal of nursing research. 2003 Mar 1; 25(2):153–78.
https://doi.org/10.1177/0193945902250034 PMID: 12666641
34. Pearson M, Moxham T, Ashton K. Effectiveness of search strategies for qualitative research about bar-
riers and facilitators of program delivery. Eval Health Prof. 2011; 34(3): 297–308. https://doi.org/10.
1177/0163278710388029 PMID: 21224267
35. Messina J, Freeman C, Rees A, Goyder E, Hoy A, Ellis S, et al. A systematic review of contextual fac-
tors relating to smokeless tobacco use among South Asian users in England. Nicotine Tob Res. 2013
May 1; 15(5):875–82. https://doi.org/10.1093/ntr/nts193 PMID: 23089485
36. Harden A, Garcia J, Oliver S, Rees R, Shepherd J, Brunton G, et al. Applying systematic review meth-
ods to studies of people’s views: an example from public health research. J Epidemiol Community
Health. 2004 Sep 1; 58(9):794–800. https://doi.org/10.1136/jech.2003.014829 PMID: 15310807
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 17 / 20
37. Oliver S, Harden A, Rees R, Shepherd J, Brunton G, Garcia J, et al. An emerging framework for includ-
ing different types of evidence in systematic reviews for public policy. Evaluation. 2005 Oct 1; 11
(4):428–46.
38. Dixon-Woods M, Agarwal S, Jones D, Young B, Sutton A. Synthesising qualitative and quantitative evi-
dence: a review of possible methods. J Health Serv Res Policy. 2005 Jan 1; 10(1):45–53B. https://doi.
org/10.1177/135581960501000110 PMID: 15667704
39. Mays N, Pope C, Popay J. Systematically reviewing qualitative and quantitative evidence to inform
management and policy-making in the health field. J Health Serv Res Policy. 2005 Jul 15; 10(suppl
1):6–20.
40. Barnett-Page E, Thomas J. Methods for the synthesis of qualitative research: a critical review. BMC
medical research methodology. 2009 Aug 11; 9(1):1.
41. Liddy CE, Cullen-Arseneau P, Merizzi S, Blazhko V. “An Ounce of Prevention”: A Primary Care Based
Prevention Program for Pre-Diabetic Population. Canadian journal of diabetes. 2013 Feb 28; 37(1):12–
7. https://doi.org/10.1016/j.jcjd.2013.01.006 PMID: 24070743
42. Whittemore R, Melkus GD, Alexander N, Zibel S, Visone E, Muench U, Magenheimer E, Wilborne S.
Implementation of a lifestyle program in primary care by nurse practitioners. Journal of the American
Academy of Nurse Practitioners. 2010 Dec 1; 22(12):684–93. https://doi.org/10.1111/j.1745-7599.
2010.00562.x PMID: 21129077
43. Wylie G, Hungin AP, Neely J. Impaired glucose tolerance: qualitative and quantitative study of general
practitioners’ knowledge and perceptions. BMJ. 2002 May 18; 324(7347):1190. PMID: 12016185
44. Jallinoja P, Absetz P, Kuronen R, Nissinen A, Talja M, Uutela A, Patja K. The dilemma of patient respon-
sibility for lifestyle change: perceptions among primary care physicians and nurses. Scandinavian jour-
nal of primary health care. 2007 Jan 1; 25(4):244–9. https://doi.org/10.1080/02813430701691778
PMID: 17934984
45. Vermunt PW, Milder IE, Wielaard F, Baan CA, Schelfhout JD, Westert GP, van Oers HA. Implementa-
tion of a lifestyle intervention for type 2 diabetes prevention in Dutch primary care: opportunities for inter-
vention delivery. BMC family practice. 2012 Aug 8; 13(1):1.
46. Evans PH, Greaves C, Winder R, Fearn-Smith J, Campbell JL. Development of an educational ‘toolkit’-
for health professionals and their patients with prediabetes: The WAKEUP study (Ways of Addressing
Knowledge Education and Understanding in Pre-diabetes). Diabetic Medicine. 2007 Jul 1; 24(7):770–7.
https://doi.org/10.1111/j.1464-5491.2007.02130.x PMID: 17403125
47. Grace C, Begum R, Subhani S, Kopelman P, Greenhalgh T. Prevention of type 2 diabetes in British
Bangladeshis: qualitative study of community, religious, and professional perspectives. BMJ. 2008 Nov
4; 337:a1931. https://doi.org/10.1136/bmj.a1931 PMID: 18984633
48. Grace C, Begum R, Subhani S, Kopelman P, Greenhalgh T. Understanding barriers to healthy lifestyles
in a Bangladeshi community. Journal of Diabetes Nursing. 2009 Feb 1; 13(2):58–9.
49. Lu S, Harris MF. Prevention of diabetes and heart disease: Patient perceptions on risk, risk assessment
and the role of their GP in preventive care. Australian family physician. 2013 May; 42(5):328. PMID:
23781536
50. Troughton J, Jarvis J, Skinner C, Robertson N, Khunti K, Davies M. Waiting for diabetes: perceptions of
people with pre-diabetes: a qualitative study. Patient education and counseling. 2008 Jul 31; 72(1):88–
93. https://doi.org/10.1016/j.pec.2008.01.026 PMID: 18367365
51. Williams R, Rapport F, Elwyn G, Lloyd B, Rance J, Belcher S. The prevention of type 2 diabetes: gen-
eral practitioner and practice nurse opinions. Br J Gen Pract. 2004 Jul 1; 54(504):531–5. PMID:
15239916
52. Helmink JH, Kremers SP, van Boekel LC, van Brussel-Visser FN, de Vries NK. Factors determining the
motivation of primary health care professionals to implement and continue the ‘Beweegkuur’lifestyle
intervention programme. Journal of evaluation in clinical practice. 2012 Jun 1; 18(3):682–8. https://doi.
org/10.1111/j.1365-2753.2011.01654.x PMID: 21438965
53. van Esch SC, Heideman WH, Cleijne W, Cornel MC, Snoek FJ. Health care providers’ perspective on
using family history in the prevention of type 2 diabetes: a qualitative study including different disci-
plines. BMC family practice. 2013 Mar 7; 14(1):31.
54. Schu¨tze H., Rix E. F., Laws R. A., Passey M., Fanaian M., & Harris M. F. (2012). How feasible are life-
style modification programs for disease prevention in general practice?. Australian journal of primary
health, 18(2), 129–137. https://doi.org/10.1071/PY10106 PMID: 22551835
55. Vermunt PW, Milder IE, Wielaard F, Baan CA, Schelfhout JD, Westert GP, van Oers HA. Behavior
change in a lifestyle intervention for type 2 diabetes prevention in Dutch primary care: opportunities for
intervention content. BMC family practice. 2013 Jun 7; 14(1):1.
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 18 / 20
56. Whitford DL, Lamont SS, Crosland A. Screening for Type 2 diabetes: is it worthwhile? Views of general
practitioners and practice nurses. Diabetic medicine. 2003 Feb 1; 20(2):155–8. PMID: 12581268
57. Whittemore R, Melkus G, Wagner J, Northrup V, Dziura J, Grey M. Translating the diabetes prevention
program to primary care: a pilot study. Nursing research. 2009; 58(1):2. https://doi.org/10.1097/NNR.
0b013e31818fcef3 PMID: 19092550
58. Lin JJ, Mann DM. Application of persuasion and health behavior theories for behavior change counsel-
ing: design of the ADAPT (Avoiding Diabetes Thru Action Plan Targeting) program. Patient education
and counseling. 2012 Sep 30; 88(3):460–6. https://doi.org/10.1016/j.pec.2012.06.017 PMID: 22770813
59. Moses AC, Mawby M, Phillips AM. Diabetes prevention: Perspectives and actions of one company. Am
J Prev Med. 2013; 44, S333–S338. https://doi.org/10.1016/j.amepre.2012.12.011 PMID: 23498295
60. Davison C, Smith DC, and Frankel S Lay epidemiology and the prevention paradox: the implications of
coronary candidacy for health education,. 1991; 13(I).
61. Ho¨rnsten A., Lundman B., Stenlund H., & Sandstro¨m H. Metabolic improvement after intervention
focusing on personal understanding in type 2 diabetes. Diabetes research and clinical practice, 2005;
68(1), 65–74. https://doi.org/10.1016/j.diabres.2004.08.003 PMID: 15811567
62. Va¨ha¨sarja K, Kasila K, Kettunen T, Rintala P, Salmela S, Poskiparta M. ‘I saw what the future direction
would be. . .’: Experiences of diabetes risk and physical activity after diabetes screening. British journal
of health psychology. 2015 Feb 1; 20(1):172–93. https://doi.org/10.1111/bjhp.12088 PMID: 24506505
63. Heisler M, Bouknight RR, Hayward RA, Smith DM, Kerr EA. The relative importance of physician com-
munication, participatory decision-making, and patient understanding in diabetes self-management. J
Gen Intern Med. 2002; 17.4: 243–252. https://doi.org/10.1046/j.1525-1497.2002.10905.x PMID:
11972720
64. Nam S, Chesla C, Stotts NA, Kroon L, Janson SL. Barriers to diabetes management: Patient and pro-
vider factors. Diabetes Res Clin Pract. 2011; 93: 1–9. https://doi.org/10.1016/j.diabres.2011.02.002
PMID: 21382643
65. Andersson S., Ekman I., Lindblad U., & Friberg F. It’s up to me! Experiences of living with pre-diabetes
and the increased risk of developing type 2 diabetes mellitus. Primary care diabetes. 2008; 2(4), 187–
93. https://doi.org/10.1016/j.pcd.2008.09.001 PMID: 18996075
66. Barry E, Roberts S, Finer S, Vijayaraghavan S, Greenhalgh T. Time to question the NHS diabetes pre-
vention programme. BMJ. 2015; 351: h4717. https://doi.org/10.1136/bmj.h4717 PMID: 26346375
67. Laaksonen DE, Lindstrom J, Lakka TA, Eriksson JG, Niskanen L, Wikstrom K, et al. Physical activity in
the prevention of type 2 diabetes: The Finnish diabetes prevention study. Diabetes. 2005; 54:158–165.
PMID: 15616024
68. Albright AL, Gregg EW. Preventing type 2 diabetes in communities across the U.S.: The national diabe-
tes prevention program. Am J Prev Med. 2013; 44: S346–S351. https://doi.org/10.1016/j.amepre.2012.
12.009 PMID: 23498297
69. Aguiar EJ, Morgan PJ, Collins CE, Plotnikoff RC, Young MD, Callister R. The PULSE (Prevention Using
LifeStyle Education) trial protocol: A randomised controlled trial of a type 2 diabetes prevention pro-
gramme for men. Contemp Clin Trials. 2014; 39: 132–144. https://doi.org/10.1016/j.cct.2014.07.008
PMID: 25092484
70. Savas LA, Grady K, Cotterill S, Summers L, Boaden R, Gibson JM. Prioritising prevention: Implementa-
tion of IGT Care Call, a telephone based service for people at risk of developing type 2 diabetes. Pri-
mary Care Diabetes. 2015; 9: 3–8. https://doi.org/10.1016/j.pcd.2014.07.003 PMID: 25175562
71. Chisholm A., Hart J., Lam V., & Peters S. Current challenges of behavior change talk for medical profes-
sionals and trainees. Patient education and counselling. 2012; 87(3), 389–94.
72. Morrow AS, Haidet P, Skinner J, Naik AD. Integrating diabetes self-management with the health goals
of older adults: a qualitative exploration. Patient Educ Couns. 2008; 72: 418–423. https://doi.org/10.
1016/j.pec.2008.05.017 PMID: 18621501
73. Rodriguez KM. Intrinsic and extrinsic factors affecting patient engagement in diabetes self-manage-
ment: perspectives of a certified diabetes educator. Clin Ther. 2013; 35.2: 170–178. https://doi.org/10.
1016/j.clinthera.2013.01.002 PMID: 23411000
74. Heisler M, Tierney E, Ackermann RT, Tseng C, Narayan KMV, Crosson J, et al. Physicians’ participa-
tory decision-making and quality of diabetes care processes and outcomes: results from the triad study.
Chronic Illn. 2009; 5: 165–176. https://doi.org/10.1177/1742395309339258 PMID: 19675116
75. Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships
between patient activation and health-related outcomes. J Gen Intern Med. 2011; 27: 520–526.
76. Frantsve LME, Kerns RD. Patient-provider interactions in the management of chronic pain: current find-
ings with the context of shared medical decision-making. Pain Med. 2007; 8.1: 25–35 https://doi.org/
10.1111/j.1526-4637.2007.00250.x PMID: 17244101
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 19 / 20
77. Gorter K.J., Tuytel G., de Leeuw R.R., Bensing J.M., and Rutten G.E.H.M. 2011. Opinions of patients
with type 2 diabetes about responsibility, setting targets and willingness to take medication. A cross-
sectional survey. Patient Education and Counseling 84: 56–61. https://doi.org/10.1016/j.pec.2010.06.
019 PMID: 20655164
78. Johnson M, Jones R, Freeman C, Woods HB, Gillett M, Goyder E, et al. Can diabetes prevention pro-
grammes be translated effectively into real-world settings and still deliver improved outcomes? A syn-
thesis of evidence. Diabetic Med. 2013; 30(1): 3–15. https://doi.org/10.1111/dme.12018 PMID:
22998334
79. Oberski D. Self-selection bias versus nonresponse bias in the Perceptions of Mobility survey. The
Hague: The Netherlands Institute for Social Research; 2008.
Diabetes prevention in primary care
PLOS ONE | https://doi.org/10.1371/journal.pone.0177699 May 22, 2017 20 / 20
